increased by the pressure of 80 atm. It was also revealed that the changes induced by the pressure were quite local. Therefore, microscopically, hydrogen-bond network around retinal would be disrupted or distorted by a constantly applied pressure. It is, therefore, clearly demonstrated that increased pressure induced by fast MAS frequencies generated 13-cis isomerization of retinal in the membrane protein bR.
INTRODUCTION
Bacteriorhodopsin (bR), in Halobacterium salinarum, is a 26 kDa seven transmembrane helix protein with a retinal as a chromophore via Lys 216 in helix G and utilizes light to release proton by retinal photoisomerization from all-trans to 13-cis, 15-anti state [1] .
The retinal configurations in the dark-adapted bR coexist as all-trans and 13-cis, 15-syn state with the isomeric ratio close to 1 [2] [3] [4] . Primary amino acid residues in the vicinity of Schiff base region of retinal are Arg82, Asp85, Tyr185, and Asp212 [5] forming hydrogen-bond network with strongly hydrogen-bonded water molecules. BR assembles into naturally occurring 2D crystalline patches known as purple membrane (PM) in which its trimeric unit is hexagonally packed under the physiological condition [6] . 3D structure of bR with 1.55 Å resolutions has been revealed by X-ray diffraction [7] . To gain insight into the mechanism of proton pump activity, it is important to understand how retinal configurations influence conformation and dynamics of retinal protein in a molecular level.
The above-mentioned isomeric ratio of retinal in the dark-adapted state was shown to decrease from unity with the molar volume changes decrease by increased pressure [8, 9] . Namely, pressure effects for bR in the dark showed that the isomer equilibrium shifts from all-trans towards 13-cis state at two processes with the molar volume changes of -7 and -21 mL/mol [10] . It is expected that the molar volume change of the first step is quite large, so that even in the small pressure change would give a large change of the population between 13-cis and all-trans state. The isomeric ratio in the dark, however, is insensitive to the temperature change [11, 12] 
MATERIALS AND METHODS
Halobacterium salinarum S9 was grown in temporary synthetic medium including lysozyme are found to be localized near the cavities containing water molecules [30, 31] .
In general, hydrogen bonds of protein structure changed H O or H N distances to pressure with molar volume change [31] . Therefore, the pressure induced isomerization of retinal and modulation of the hydrogen-bond network can cause the change in motion of residues located in the vicinity of retinal.
Noticeable pressure effects on bR in purple membrane in the molecular level were observed at the first time in this experiments. Increased pressure by the fast MAS frequencies induces isomerization from the all-trans to 13-cis retinal. It is possible to increase 13-cis state by applying pressure and the all-trans state by irradiation of light.
It is stressed that the MAS experiment is a good source of pressure since the induced pressure will be proportional to the square of MAS frequency. This kind of pressure effect in membrane protein has not yet been studied because it was thought that the application of pressure in the solid state NMR spectroscopy was difficult. This experiment, therefore, clearly showed that pressure induced experiment can be successfully applied by the fast MAS experiment. It is also important to point out that it is possible to change the equilibrium state by applying pressure because a large molar volume change in a large heterogeneous system such as membrane protein can be change the equiliburium state by relatively small change of pressure. 
